Introduction
The relationship between cohort size and youth employment outcomes is of great interest in developing countries. In countries where cohort size is rising rapidly, better understanding this relationship can help policy-makers anticipate, and potentially address, the types of challenges that members of large cohorts may face when entering the labor market. 4 On the other hand, countries in which population growth has begun to fall are hoping to follow in the footsteps of the East Asian tigers, in which a demographic dividend due to declining dependency ratios helped contribute to rapid and sustained economic growth. 5 This raises the question of whether and how much declining population growth in these countries contributed to this boom by spurring the movement of workers into more productive employment opportunities.
In this paper, we estimate the correlation between changes in the size of birth cohorts and changes in employment outcomes for workers at different ages, using a newly compiled dataset of 83 lower and middle income countries. 6 There is no clear theoretical guidance as to how changes in cohort sizes should affect the labor market outcomes of workers. In neoclassical growth models, for example, the effect of changes in population growth depends on whether the saving rate is assumed to be endogenous or exogenous. In the Solow growth model, which assumes an exogenous savings rate, a rise in population growth leads to a fall in capital per worker and presumably worse employment outcomes. In contrast, in the Ramsey model, the savings rate adjusts in response to changes in population growth, and higher population growth leaves capital per worker unchanged.
Standard labor supply and demand models take a different perspective, and predict that increases in cohort size will negatively affect workers in the short term. Increasing the pool of workers, all else equal, shifts the supply curve to the right and therefore reduces equilibrium wages. Furthermore, if labor market frictions, efficiency wages, or well-enforced regulations prevent real wages from falling, larger cohort sizes could lead to increased unemployment.
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The effects of cohort size in the longer term, however, are unclear, and depend partly on how the labor market impacts of cohort size translate into household investments in education. If the substitution effect dominates, a decline in equilibrium wages would lead young adults to stay in school longer by lowering the opportunity cost of education. This increased investment in education could in turn have a positive longer term effect on employment outcomes. On the other hand, reduced wages may squeeze poor households' budgets to the point that they are unable to continue their children's schooling.
Our paper relates to two strands of the literature. The first consists of several studies that have investigated how cohort size relates to labor market outcomes in developed countries. Welch (1979) examines how increased cohort size due to the post-war baby boom affected the earnings of American workers. The results indicate that larger cohorts earn less, and that most of the effect comes early in their career. Other studies, such as Brunello (2010) , Morin (2011) , and Wright (1991) , also find evidence that larger cohort size can depress earnings for several years. Korenman and Neumark (2000) , using a dataset of 15 advanced economies from 1970-1994, find that a larger youth population increases youth unemployment. 7 Shimer (2001) , on the other hand, examines cohort size effects across US states and finds that youth unemployment falls as cohort size increases. He argues that companies moved to those areas with bigger youth cohorts, because there is a larger pool of well-educated graduates available to hire. This paper is the first, to our knowledge, to extend this literature by investigating similar questions in developing countries. The labor-market context in developing countries differs from that in more advanced countries in several ways. Labor markets in developing countries tend to be characterized by a large pool of unskilled workers, who tend to work in subsistence jobs in agriculture or petty sales. A significant number of youth enter the labor market early, typically in self-employed jobs or helping out in family businesses. Social safety nets are often unavailable to cushion the effect of unemployment. At the same time, labor market regulations are typically either less restrictive or poorly enforced, which may lead labor market conditions to adjust more rapidly to changes in cohort size. This work also relates to another strand of the literature that examines the long run impacts of labor market shocks. For instance, Kahn (2010) and Oreopoulos, von Wachter, and Heisz (2012) find a persistent impact on careers and earnings when graduates enter the labor market in a recession. One reason, according to Liu, Salvanes, and Sorensen (2012) , could be the persistent effects of an early skill mismatch in the career. Chi, Freeman, and Li (2012) , however, find that Chinese workers that entered the labor market during a recession caught up within three to four years. Our analysis sheds light on whether correlations between cohort size and employment outcomes for youth persist into adulthood in developing countries.
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We show that in a broad sample of developing countries, smaller cohort size at birth is positively correlated with that cohort's employment outcomes 15 to 24 years later. However, the nature of these effects depends on the countries' level of development. In very low-income countries, youth in smaller cohorts are less likely to work, but this does not translate into greater rates of school attendance. In middle-income countries, youth in smaller cohorts benefit more tangibly. Youth aged 20 to 24 are less likely to be unemployed, and those aged 15 to 19 that do work are also less likely to work in agriculture. In addition, working women aged 15 to 19 who are members of smaller cohorts are more likely to work as wage employees. By and large, however, cohort size effects are weaker for adults. Although adults in smaller cohorts are more likely to be wage workers, the correlations are generally are generally imprecise are only statistically significant for a few age groups.
The estimated correlations between cohort size and labor market outcomes also reflect other factors that influence each of them. Our econometric specification includes country fixed effects, in order to isolate within country variation in cohort size and employment outcomes. In addition, the key independent variable is cohort size at birth, which eliminates the possibility that subsequent migration or mortality may confound the estimates. Nonetheless, the results cannot be interpreted as unbiased estimates of an exogenously induced change in fertility on future employment prospects. Fertility decisions are influenced by a variety of time-varying factors that are unobserved and are likely related to future employment outcomes. For example, a negative correlation between birth cohort size and future employment could partly reflect a virtuous cycle. Countries that were well-governed, like many of the Asian tigers, could have reduced fertility while simultaneously benefiting from sustained growth. In this case, our results should if anything overestimate the benefits of reducing cohort size in boosting employment outcomes, for all ages. 8 Unfortunately, the data necessary to investigate the role of external factors are not available. Therefore, the results should be interpreted more broadly as the overall correlation, based on within-country variation, between cohort size and labor market outcomes via a multitude of channels.
The results suggest that smaller cohort sizes are associated with at best moderate improvement in outcomes for youth, particularly in middle-income countries. For adults, the overall correlation of cohort size with primary activity and sector is limited, although there are slight indications that adults in smaller cohorts are moderately more likely to work as wage workers in low-income countries. Nonetheless, we conclude that there is scant evidence that smaller cohort sizes substantially improve job opportunities for adults.
The remainder of the paper is organized as follows. Section 3.2 presents the data and descriptive trends in youth employment outcomes and cohort size. Section 3.3 explains our estimation strategy and results are presented in section 3.4. We conclude with a discussion of our findings in section 3.6.
Data
In this section, we examine youth employment outcomes using the most recent year of available data, before documenting trends between 1990 and 2010. We then describe the evolution of cohort size for the same time period.
Labor Market Data
The labor market outcome data comes from the International Income Distribution Survey (I2D2). The I2D2 is a harmonized collection of household and labor surveys from 1990-2010 constructed and maintained by the research group of the World Bank. 9 Our data set includes repeated cross-section data from 450 surveys at the individual level in 83 lower, middle and upper middle income countries. The available years and frequency of waves differ among countries as shown in Table 5 in the Appendix.
When combining different micro surveys in one data set, it is important to ensure that questions are asked consistently over time. Although the I2D2 has been harmonized, there can be large changes in variables when the underlying survey changes, due to changes in survey design driven by differences in the formulation of questions or the target group. This will introduce measurement error into our measures of labor market outcomes, which could potentially be correlated with changes in cohort size and bias the estimates. We therefore identify potential structural breaks, using the outlier detection tool "bacon" in Stata. We first identified annualized changes in labor market outcomes amounting to more than four percentage points, which we considered to be outliers. We then used bacon on the full set of observations to identify outliers conditional on changes in GDP. These outliers were excluded from the main analysis. We include all outliers as a robustness check and find little difference to our main results.
We use four labor market outcome variables: (1) Primary activity, (2) Sector of work and (3) Employment status. Primary activity, in turn, is divided into at least three categories: Employed, unemployed, and inactive. For young people between the age of 15 and 24, we further divide inactive workers into two categories, depending on whether they attend school or not. 10 As we do not have reliable information on how many hours people work, all young people who have a job and have worked at least 1 hour during the past seven days are classified as employed. This mean that youth who both attend school 6 and work are considered to be employed rather than students. Therefore, we also use school attendance as an alternative outcome variable in addition to primary activity. This captures any effects of cohort status on overall school attendance, irrespective of employment.
The second outcome variable is sector of work and is split into agriculture, services and industry. Agriculture is virtually always the least productive sector, and we therefore interpret working in the agricultural sector as a worse labor market outcome than working in industry or services. Our third outcome variable is employment status, which is divided into four categories: Unpaid workers, self-employed workers, salaried workers, and employers. In general, employment status, like sector of work, is an important and meaningful correlates of job quality in developing countries. In particular, employers and wage employees tend to be better off, along several dimensions, than own-account and unpaid workers. 11 To provide further evidence for this ranking of job quality, Figure 1 plots measures of sector and status against countries' educational attainment. The share of agricultural workers falls, the higher the education level of the country. The same negative relationship holds for the share of unpaid and self-employed workers, while in contrast, the share of wage-employed workers rises with a country's education level. 
Youth Employment Outcomes
We first present descriptive statistics of youth employment outcomes for countries in different income groups, using the standard World Bank classification, which divides countries into four categories: Lower income, middle income, upper middle income and high income. 12 High income countries are excluded from the analysis. As shown in Figures 2 and 3 , there is substantial variation in youth labor market outcomes across these three income groups. In low income countries, more youth between 15-24 work and fewer are full time students than in middle income countries ( Figure 2 ). In addition, most youth in low-income countries work as unpaid or self-employed workers, and more than 60% of youth work in the agricultural sector ( Figure 3 ). 13 These results are consistent with other studies on youth labor market outcomes, which have shown that a large share of youth work in the informal sector or as unpaid workers. 14 12 The World Bank uses Gross National Income per capita and divides countries based on the following definition: Low income: $1,025 or less; lower middle income: $1,026 -$4,035; upper middle income: $4,036 -$12,475; high income: $12,476 or more. (1) attending school, (2) being wage-employed, (3) working unpaid or (4) working in agriculture. We calculate changes in youth labor market outcomes by deducting the last wave of available data for a given country from the first wave of data. We annualize the changes by dividing through the available time span. The changes are calculated separately for gender and country and gender and depicted by initial level of GDP per capita, this is based on the I2D2 data and weighted by population.
Population Data
The population data used in this paper stem from the Health, Nutrition and Population Statistics of the World Bank. The data base contains country population estimates by gender and five year age group from 1960 onwards. Youth are defined as persons between the ages of 15 to 24. 16 Figure 5 depicts the evolution of the absolute cohort size for different income groups and regions between 1990 and 2010. 17 There is considerable heterogeneity in the growth of youth cohort sizes, depending on countries' region and level of development. While youth cohorts in Sub-Saharan Africa and South Asia continued to grow, youth cohort sizes fell in Europe and Central Asia. This is consistent with the results for different income groups, as youth cohort sizes grew in low income countries, while they were more stable in many lower and upper middle income countries. Finally, figure 5 shows that there is considerable variation across countries. For example, although the size of the youth cohort size is shrinking in many countries, there is considerable growth in India and Ethiopia. Furthermore, youth cohorts in many countries in Sub-Saharan Africa and South Asia are projected to continue to grow in the near future ( Figure 5 ).
Since the data only cover 83 countries, it is useful to check the extent to which population growth in these countries is representative of all low and middle income countries for which population grows rates are available. The Health and Nutrition Population Statistics of the World Bank includes population growth rates for 196 low and middle income countries between 1960 and 2011. Population growth rates are similar, as the median growth in our sample is 2.2, compared to an overall median of 2.1 percent (Figures 12 in the Appendix). 
3 Estimation Strategy
We collapse the individual level I2D2 data into cells based on five-year age groups, gender, survey year and country. Each cell thus contains averages or shares for each group, such as the share of women age 15-19 who were employed in Ethiopia in 1995. Given large gender differences in labor market outcomes, groups are separated by gender. We construct a panel of 83 lower, middle and upper middle income countries for which at least two waves of data exist. We also restrict the sample to countries for which the data span five or more years, in order to measure medium to longer-term changes in cohort size. We include country dummy variables in the model, to control for time-invariant country characteristics. Therefore, the results indicate the extent to which within-country changes in cohort size are correlated with changes in labor market outcomes.
We use a Dirichlet model to estimate the correlates of a set of shares, such as the categories of primary activity, employment status, and sector. 18 The Dirichlet distribution is a multivariate generalization of the beta distribution and is appropriate for estimating the correlates of a set of proportions that each lie between zero and one, and sum to one. Imposing these restrictions on the joint model makes the estimates more efficient than a series of separate OLS or Logit regressions. The probability density function of the Dirichlet function is given as follows:
(1) ( year old women in each of the four categories primary activity status categories (in which case k equals four). Γ is the gamma function, and α j is a parameter from which the expected value and variance of the proportion can be derived. Taking the log and summing over observations gives the log likelihood function:
(2) ( )
where N is the number of observations in the datset. We use the dirifit command in Stata, with the alternative parameterization recommended by Buis et al (2011) in the presence of covariates. This models alpha as a multinomial logit function of the covariates X: The main variable of interest in the vector of independent variables X is log cohort size, but we also include dummies for each country, each year, and gender.
(4)
where CS stands for log cohort size, g is age and gender group, c is country, and t is year. The estimated proportions are therefore modeled as a function of log cohort size at birth, gender, and a set of dummy variables indicating country and year.
We estimate these models separately for seven five-year age groups, ranging from age 15 to 19 to age 40 to 44. Each observation is weighted by the square root of the number of observations used to construct the proportion, to correct for the heteroscedasticity arising from differences in the size of the household surveys used to construct the cell means. The standard errors are robust and clustered on country. Below, we report the estimated marginal effect, and its standard error, of log cohort size. 19 Therefore, the reported effect represents a rough approximation of the percentage point change in an outcome when cohort size doubles, and dividing the reported coefficients by ten gives a more accurate approximation of the percentage point change when the cohort size increases by 10 percent.
Results
We first consider the relationship between cohort size and primary activity and school attendance, before turning to sector, status, and the earnings of wage workers. In each case, we also present interactions of cohort size with dummy variables indicating the gender of the cell, and whether the country, based on its average per capita GDP, is in the poorer half of our set of countries. 20 Table 1 presents the results from regressing labor market status on log cohort size as described in equation 3.1. Results are estimated separately for each of the six five-year age groups between, from age 15 to 19 to 40 to 44. For 15 to 19 year olds, a 10 percent increase in cohort size is associated with a 2.2 percentage point higher share of employed youth, and an equal lower share of youth who are inactive students. While there is a strong relationship between cohort size and primary status for youth between the age of 15 and 19, the correlation is in general considerably weaker for older cohorts. Table 2 indicates that in smaller cohorts, youth aged 15 to 19 and 20 to 24 are more likely to be inactive (full-time) students. This raises the question of whether 15 to 19 year olds in larger cohorts are dropping out of school to work, or are taking on side jobs while continuing to attend school. Table 2 reports the results from a beta regression that regresses cohort size on the share of youth attending school. 21 The results indicate that cohort size is only weakly related to school attendance overall, as a 10 percent increase in cohort size is correlated with between a -0.2 and 0.1 percentage point change in school attendance. Therefore, we conclude that youth aged 15 to 19 in smaller cohorts are able to forego side jobs that contribute a bit of extra additional income. This may increase the time they have available to study, but does not significantly increase school enrolment or attendance rates.
Primary Activity
Primary activity can be a difficult indicator to interpret in the absence of context. For example, economic growth typically reduces employment rates in low-income countries, as more people can afford not to work in low-productivity jobs on the farm or in petty sales. As countries reach middle-income status, growth is associated with higher employment rates, as more productive jobs appear. This U-shaped relationship between employment and GDP is particularly pronounced among women. (Goldin, 1994) To better understand the estimated effects of cohort size on employment, we disaggregate the results according to gender and income type. Figures 1 and 2 show estimated employment effects by age group, gender, and whether the country's average per capita GDP exceeds $1,500. 22 The positive relationship between cohort size and employment is largely driven by low-income countries and is stronger among men. Young women in larger cohorts are also more likely to be employed, although the estimates are only sufficiently precise to be statistically significant in low-income countries. Members of large cohorts in low-income countries, likely facing worse job prospects and perhaps a lower quality educational experience than their counterparts in smaller cohorts, appear to be taking side jobs in order to contribute a bit to the family income. Figures 3 and 4 tell a different story for unemployment, however. For middleincome countries, larger cohort size is associated with higher levels of unemployment for 20 to 24 year olds. These results suggest that youth in these countries can afford to search longer for work, and may fail to fully account for the negative effects of cohort size when determining their reservation wage.
Finally, the estimated effects on employment and unemployment are generally very weak for adult men. Thus, there is little indication that the increase in the prevalence of side jobs for 15 to 19 year olds in low-income countries leads to persistently higher employment rates. For women, if anything, adults in smaller cohorts are more likely to work.
Figure 5: Estimated effect of cohort size on male employment, by age group and per capita GDP
Notes: Graphs indicate the estimated marginal effect of an increase in log cohort size on the probability that men are employed, in a sample of less and more developed countries based on a threshold of $1500 average per capita GDP. 
Employment Status
Primary activity, in general, is a coarse indicator of labor market development. This section therefore considers how cohort size is associated with the shift of workers out of less productive own-account and agricultural work into more productive off-farm and salaried jobs. Table 3 shows the estimated marginal effects of an increase in cohort size on birth on the share of workers in different employment statuses. Larger cohort sizes at birth are consistently associated with a reduction in the share of workers in wage employment. But only among 25 to 29 year olds and 40 to 44 year old men are the estimates sufficiently precise to be statistically significant. In these cases, a 10 percent decline in cohort size is associated with a 1.6 percentage point increase in wage employment. For 40 to 44 year olds, the estimated effect is substantially larger. The magnitude of the estimates for 40 to 44 year old appears to be an outlier, and may be exaggerated due to lack of data, although the direction is consistent with the other age brackets as well. 23
While the interpretation of these numbers is subjective, we consider a one to two percentage point difference to be moderate. For example, in our raw data, a one percentage point increase in the wage employment rate is associated on average with about a $70, or 3.5 percent, one-off increase in a country's per capita GDP. Extrapolating that suggests that a 1.6 percentage point increase in wage employment would be correlated with about a 6 percent or $110 increase in real per capita GDP, in terms of raw correlations. An alternative benchmark for comparison is the average gender gap for adults in the share of wage employment, which is about 5 percentage points. From that perspective as well, a 1.6 percentage point increase in wage employment is significant. 
Sector of Employment
While the last section reported a moderately strong but imprecisely estimated correlation between cohort size and wage employment for all age groups, this section considers sector of employment. Sector is divided into three categories: Agriculture, Industry, and Services. The main focus is on whether smaller cohorts facilitate the structural transformation of workers out of agriculture and into more productive sectors. The results in Table 4 suggest that positive cohort size may be associated with a shift of youth aged 15 to 19 from agriculture to services, but correlations for the other age groups are weak. Figures 9 and 10 again show the breakouts by age group, income category, and gender. For youth aged 15 to 19, the estimated correlations are particularly strong in middle-income countries. In these countries, a reduction of cohort size of 10 percent is associated with a 6 percentage point decline in the share of youth engaging in agriculture, for both men and women. However, as in the aggregate results, the correlation between cohort size and the sector of employment for older adults is small and not statistically significant. 
Earnings of Wage Employees
Finally, we present estimates of the conditional correlations between cohort size and the average real wage of salaried employers. Since wages are not defined as a proportion, we use standard OLS regressions and include country fixed effects and dummy variables for each year. Both real monthly wages and cohort size are expressed in logs in order to estimate an elasticity. Nonetheless, the results can be difficult to interpret because in many countries, a small minority of workers is employed in salaried jobs. 24 Therefore, changes in average wages can reflect changes in the composition of wage workers, in addition to changes in the wages of existing workers. Figure 9 shows the estimated elasticities. For youth, increased cohort sizes are associated with higher earnings, perhaps due to more educated workers youth entering the labor market. The results are statistically significant at the 10 percent level. For adults, the conditional correlation is negative, which is in line with an outward shift in the supply curve lowering equilibrium wages. In general, however, the estimates are too imprecise to draw firm conclusions on the association between cohort size and the earnings of wage workers. This may result from noise due to measurement error, which can present a formidable challenge to the analysis of self-reported earnings in developing countries.
Figure 13: Cohort size and the average earnings of wage workers
Notes : This table shows the correlation of cohort size with the earnings of wage workers. It is estimated based on equation 3.1. The dependent variable is the log wage of people for those people who earn wages. We control for country and year fixed effects as well as gender. Standard errors are given in parenthesis, * * * indicates a 1%, * * a 5% and * a 10% significance level. Standard errors are clustered by country. 24 In an unweighted average of the cells in our sample, on average roughly 60 percent of workers are in salaried wage jobs. This paper examines the relationship between cohort size at birth and subsequent employment outcomes for youth and adults in developing countries, utilizing a unique collection of harmonized surveys covering much of the developing world. Although standard supply and demand theory would suggest that larger cohorts uniformly worsen employment outcomes throughout workers' careers, the empirical results are more subtle. In low-income cohorts, reduced cohort size is associated with lower employment rates, but this does not translate into higher rates of school attendance. For youth in middle-income countries, smaller cohorts are generally beneficial for employment outcomes. In particular, youth aged 15 to 19 that were born into smaller cohorts, if they choose to work, are less likely to work in agricultural employment and young women are more likely to work as wage employees. Smaller cohorts in these countries also tend to have lower unemployment rates between age 20 and 24. The magnitude of these effects can be substantial, as a 10 percent reduction in cohort size is associated with a 1 to 1.5 percentage point reduction in the unemployment rate.
Although smaller cohorts appear to benefit those youth that choose to work in middle-income countries, there is far weaker evidence of an effect for adults, in either low or middle-income countries. Adults in smaller cohorts are moderately more likely to work as wage employees, but the estimates are only statistically significant for two of the five adult age groups. Furthermore, it is difficult to discern any effects of cohort size on adults' primary activity, sector of employment, or earnings of wage employees.
Overall, we conclude from these results that reductions in cohort size are associated with moderate improvements in employment outcomes for youth in middle-income countries. They are far from a magic bullet, though, and there is little evidence that the advantages smaller cohorts confer on working youth translate into more productive jobs throughout their career. Without efforts to improve other determinants of worker productivity, such as the quality of human capital, physical infrastructure, and protection for property rights, decreases in the quantity of workers by itself appears to have little discernible relationship with improvements in the quality of jobs for adults in developing countries. 
